Adoption of the cocoa (Theobroma cacao) production technologies recommended to cocoa farmers by Cocoa Research Institute of Ghana (CRIG) had been low, leading to yield and production levels below potential. To investigate this issue, a formal socio-economic sample survey of 300 cocoa farmers selected randomly, by a multi-stage sampling technique, from all the cocoa growing regions of Ghana was conducted with a structured questionnaire for the individual interviews. The adoption rates of CRIG-recommended technologies such as control of capsids with insecticides, control of black pod disease with fungicides, weed control manually or with herbicides, planting hybrid cocoa varieties and fertilizer application were 10.3%, 7.5%, 3.7%, 44.0% and 33.0%, respectively. Adoption models indicated that credit, number of cocoa farms owned by the farmer, gender, age of the cocoa farm, migration, cocoa farm size, and cocoa yield affected the adoption decisions of cocoa farmers concerning the CRIG-recommended technologies analyzed in this study.
Introduction
Cocoa technology could be defined as the total stock of knowledge including traditional skills necessary for cocoa production, processing and marketing (Laryea, 1981) . The Cocoa Research Institute of Ghana (CRIG) was established to investigate into problems militating against cocoa production in Ghana. As such, research of the institute has been tailored to the development of technologies such as improved farm practices that address constraints to cocoa production such as pests, diseases and other poor agronomic practices. The technologies were previously handed over to the then Extension Division of Ghana Cocoa Board (COCOBOD), Cocoa Services, currently known as Cocoa Swollen Shoot Virus Control Unit (CSSVDCU) to disseminate to cocoa farmers to enhance productivity and production. Despite the dissemination of the CRIG-recommended technologies to farmers, the adoption levels of these technologies over the years by the cocoa farmers have been low (Henderson and Jones, 1990; Donkor, et al., 1991; MASDAR, 1998) . The reasons given by farmers for their low adoption of the technologies involve lack of resources such as money and labour to apply the technologies, and technical difficulties (MASDAR, 1998) . The government then intervened with national programmes such as the Cocoa Diseases and Pests Control Programme (CODAPEC or mass spraying of cocoa farms) and the Cocoa High Technology Programme (Hi-tech) which provides free inputs and labour for the control of capsids and black pod (CODAPEC), and insecticides, fungicides and fertilizer (Hi-tech) to cocoa farmers on credit. This is because the spraying frequency of the CODAPEC programme is inadequate and farmers are expected to do additional sprayings.
CRIG has established that due to the additive and interactive nature of the recommended technologies, the full package must be adopted for the total impact to be realized (Asante, 1992) . However, the main practice of cocoa farmers in Ghana tends to be a 'stepwise' mode of adoption of the innovations (World Bank/FAO, 1986) . The high cost of some of the component technologies and the apparent non-adoption of these high-cost technologies suggest that farmers, who are risk-averse, may be reacting directly to the possible negative effects on their already low income (Asante, 1992) .
To support the dissemination of recommended packages, a cocoa farmers' newspaper project was initiated under a collaborative effort of Cocoa Research Institute of Ghana (CRIG) and Cadbury International Limited. It was aimed at disseminating CRIG-recommended technologies to cocoa farmers for adoption to increase cocoa output. As part of the newspaper project, a baseline socio-economic survey was conducted on cocoa production practices of the farmers. Also, this survey was aimed at generating insights that would contribute to improving the reliability of technology development and transfer, as well as designing agricultural policies conducive to widespread adoption of CRIG-recommended technologies. The main purpose of this study was to determine generally the adoption levels, and the socio-economic factors of adoption of the cocoa production technologies by cocoa farmers in Ghana. Consequently, the research questions one would want to ask are: what is the nature of adoption of these technologies by the cocoa farmers? What are the current determinants/constraints to their adoption?
Methodology

Study Areas
The study was conducted in six (6) cocoa growing districts: Nkawie (Atwima Mponua). Goaso (Asunafo North), Enchi (Aowin/Suaman), Oda (Birim South), Twifo Praso/Assin Fosu and Hohoe (Fig. 1) . The land areas ranged from 894.2 km 2 to 2 638 km 2 . The average rainfall in the selected districts ranged from 1 077 mm to 1 784 mm and the mean temperature ranged from a minimum of 22 o C to a maximum of 34 o C. Altitude ranged from 61m to 890 m above sea level. The vegetation was moist semi-deciduous rain forest and savanna. The main socio-economic activities in the districts were farming, trading, logging, small-scale mining and quarrying. Key crops grown in the districts are cocoa (Theobroma cacao), citrus (Citrus spp.), oil palm (Elaeis guineensis) and food crops such as maize (Zea mays), cassava (Manihot esculenta), rice (Oryza sativa), yam (Dioscorea spp.) and plantain (Musa spp.).
Sampling and Data Collection
The study was conducted from March to May, 2006 . A sample of 300 cocoa farmers was randomly selected using the multi-stage sampling approach (Barnett, 1974; Boyd et al., 2004) for individual personal interview. This sample size was determined by using the standard deviation of 16.3 years obtained from the age variable of a previous survey to achieve a precision of 0.94 (standard error of the mean) for the current study. A list of names of farmers of the Produce Buying Company Ltd (PBC) served as the sampling frame from which a sample of farmers was selected. The list of PBC farmers was considered since the company is widely represented in the cocoa farming communities. The cocoa farmers were selected from households in the 30 farming communities in some cocoa districts. This sample size was chosen due to cost consideration and to ensure a broad coverage of a representative sample of farmers. A four-stage sampling technique was used leading to the selection of a final sample of 300 farmers. All the 6 cocoa growing regions were considered in the first stage sampling in the study to ensure generalization of the conclusions over cocoa farmers in the country. In the second, third, and fourth stages, one district from each of the six regions, and a total of 30 farming communities as well as 300 farmers were respectively selected randomly using simple random sampling technique and the sampling result is presented in Table 1. This survey involved individual interviews with selected farmers using a structured questionnaire which covered issues such as personal information, farm management practices, farm income, credit, technology adoption, constraints to cocoa production and extension. The questionnaire was pre-tested with a group of farmers to correct fundamental problems in the survey design such as difficulties in question wording, problems with leading questions and bias due to question order. Enumerators and supervisors were selected and trained in how to administer the questionnaires efficiently. The survey focused more on farmers' experience with agronomic practices (technologies), asking them of their technological choices and how they affect their cocoa production. The response rate was 100%.
Analytical Framework
Descriptive and inferential analyses of the survey data were done. The analysis was aimed at establishing the adoption rate of CRIG-recommended technologies to the farmers. This rate was measured as the proportion of farmers interviewed who had used recommended technologies. Using econometric techniques, the data were analyzed to establish whether the adoption of agronomic practices by the cocoa farmers was affected by socio-economic factors.
Empirical Models
Multinomial Logistic Regression Analysis of the Factors of Adoption of Cocoa Production Technologies: The multinomial logistic regression model (Hosmer & Lemeshow, 1989; Chan, 2005) was used to investigate the factors that affect the adoption behaviour of cocoa farmers relating to CRIG-recommended cocoa production technologies. This model was chosen because it handles the case of a dependent variable with more than two categories (Salasya, Mwangi, Mwanbu & Diallo, 2007; Adekunle & Henson, 2007) as compared to the probit model which deals with only dependent variables with two categories (Chirwa, 2005; Jatoe, et al., 2005) . The definitions of technology adopter categories are presented in Table 3 . The model involves a dependent variable, the technology adoption decision variable (Y) and a set of explanatory/independent variables that might influence the final probability, P i , of adoption of the technologies. These explanatory variables can be thought of as being in a k vector X i and the model then takes the form
The logits of the unknown binomial probabilities (that is, the logarithms of the odds) are modeled as a linear function of the X i .
The unknown parameters β j (j = 1, 2, 3…k) are usually estimated by Maximum Likelihood method. Five categorical dependent variables representing the individual technologies considered in the study were weeding of cocoa farm (3 categories), spraying against blackpod disease (3 categories), spraying against capsids (3 categories), applying fertilizer to the farm or not (2 categories), and the type of cocoa variety planted (3 categories).
Studies (Feder & Slade, 1984; Rahm & Huffman, 1984; Feder, Just & Zilberman, 1985; Strauss et al., 1991; Morris, Tripp & Dankyi, 1998; Kosarek, Garcia & Morris 2001; Doss, 2003; Jatoe, et al., 2005; Mazuze, 2007) have indicated that the key determinants or factors of adoption of agricultural technologies include: Farmer's educational level; time of residence in the area or community; availability and quality of extension and research; farmer's experience; farm size, soil characteristics, and cropping systems; profitability of the new technology; off-farm income; adequate provision of inputs; availability of timely credit; performance of the technology ( increase productivity); transportation; functional marketing channels; and social capital (farmer associations, etc.). Although limited by the data collected, it is believed that the socio-economic factors (that is, explanatory/independent variables) which might influence the probability of adoption of CRIG technologies are those presented in Table 4 . Specifically, the following empirical model is specified: A = β 0 + β 1 X 1 + β 2 X 2 + β 3 X 3 + β 4 X 4 + β 5 X 5 + β 6 X 6 + β 7 X 7 + β 8 X 8 + β 9 X 9 + β 10 X 10 + β 11 X 11 + β 12 X 12 + β 13 X 13 + e Where A = the categorical dependent variable of adoption decision of the cocoa farmers; X i = the ith independent variable ( i = 1, 2, 3, …,13); β i = the parameters to be estimated; and e = error term.
Age of cocoa farmer is predicted to have a negative impact on adoption because as the age increases, his physical strength tends to reduce and this is assumed to impact negatively on adoption of the technologies. Farmers with more experience in cocoa cultivation would be able to apply their cropping experience in the cultivation of cocoa and this would increase their ability to adopt the cocoa technologies. Educational status is assumed to influence cocoa production technologies positively because with higher level of education the farmer would be in a position to technically and economically assess the new crop or technology to clear doubts and uncertainties associated with it and enhance its adoption. Since cocoa farming is dominated by male farmers, it is expected that more male cocoa farmers would adopt technologies than their female counterparts, other things being equal. This is because women have less access to credit and land as collateral than men, as well as relying mostly on hired labour which is scarce due to migration of the rural youth to the urban areas to seek for jobs with relatively better remuneration (MASDAR, 1998) . It is assumed that the more adult household members a farmer possesses, the more household labour would be available to him for farm activities in the adoption of cocoa technologies. With migration, it is expected that migrant farmers are likely to introduce the use of new technologies into the farming community and promote their adoption by the natives of the area. The number of cocoa farms owned by the farmer is assumed to have a positive impact on the adoption of cocoa technologies. A farmer having many cocoa farms could harvest more cocoa which may translate into higher income for the purchase of the relevant inputs to implement the technologies. Cocoa farm size is expected to have a positive effect on adoption since as the farmer devotes more of his total available land to cocoa cultivation, there is the likelihood that cocoa output and income would increase, enhancing the probability of technology adoption. With aging farm, there is the likelihood that the yield and income from cocoa would decline. This can discourage the farmer from weeding and spraying the farm. However, he may apply fertilizer to increase output. It is predicted that increase in cocoa yield would have a positive impact on technology adoption because the resultant increased cocoa income can enhance the ability of the farmer to purchase the necessary inputs for the implementation of the technology. Frequent visits to the farmer by the extension agent would provide the farmer with necessary information about the availability of needed resources, market and prices as well as the profitability status of the new technology to clear any doubts and uncertainties concerning it to increase the probability of its adoption. It is predicted that attending demonstration of the technology or field day may convince the farmer to adopt the technology. Access to credit in the form of cash is predicted to have a positive influence on technology adoption since the farmer receiving credit would have the capability to purchase the necessary resources for the cultivation of cocoa.
Results
Profile of sample cocoa farmers
A summary of the general characteristics of cocoa farmers is presented in Table 5 . The mean age of the farmers was 51.5 years. The mean working experience was 19.6 years. The average number of adults working on the farm was 3.3 people. The educational status of the farmers was low as the majority (52.0 %) had middle school education and 21.5% of them were illiterates. Considering gender, 80.0 % of the interviewed farmers were males while 20.0 % were females. The mean farm size was 3.0 ha, implying that cocoa cultivation is dominated by small-scale farmers who on average had cocoa yield of 317 kg/ha. The cocoa output variable with mean value of 797.4 kg had a bigger standard deviation or variance, which might be due to the differences in farm management practices of the cocoa farmers and varying rainfall amounts and its distribution patterns experienced over the years. The mean income from cocoa was GH¢ 717.68 with a high standard deviation of GH¢820.87, which was due to the high variation in cocoa output. Cocoa farmers also cultivated food crops (plantain, cassava, maize, cocoyam, yam, rice, banana, pineapple, okro and ginger) and other tree crops (coffee, oil palm, citrus and coconut) with respective average farm sizes of about 1 ha and 2 ha. Cocoa farmers also reared some poultry and livestock such as fowls, pigs, sheep and goats for home consumption and sale. However, the data from the survey did not allow for the estimation of income from the other crops and livestock of the farmers.
Adoption rates of cocoa production technologies
The adoption rates of the CRIG-recommended technologies such as control of capsids with insecticides, control of black pod disease with fungicides, weed control manually or with herbicides, planting hybrid cocoa varieties and fertilizer application were 10.3%, 7.5%, 3.7%, 44.0% and 33.0%, respectively.
Multinomial Logistic Regression Analysis of the Factors of Adoption of Cocoa Production Technologies.
Fertilizer Application Model
The summary of the descriptive statistics of the socio-economic factors to adoption of some CRIG technologies is presented in Table 5 . The results of the multinomial logistic regression analysis of fertilizer application and weeding frequency are presented in Table 6 . For the fertilizer adoption model, the adopter of the technology is modeled relative to the non-adopter with respect to the adoption factors. The -2log likelihood estimate of 280.277 with a statistically significant chi-square of 37.612 (P = 0.001) indicated that the independent variables jointly determined the adoption decision of the cocoa farmers. The pseudo R-squared was estimated to be 0.196, implying that about 19.6 per cent of the variation in the dichotomous dependent variable (fertilizer application) was explained jointly by the predictors. The results further demonstrated that 69.3 per cent of the cases were correctly predicted by the model.
The intercept of the model was significant (P < 0.1). The fertilizer model indicated that the significant determinants include credit (P < 0.1) and number of cocoa farms (P < 0.05). Credit appeared less likely to affect the decision to apply fertilizer to the cocoa farm or not by the farmer. Getting credit tended to decrease the log of the odds ratio by 0.704 and decrease the odds ratio by a factor of 0.494 for a farmer applying fertilizer compared to one not applying. However, the number of cocoa farms owned by the farmer was more likely to influence fertilizer adoption. As the number of farms increased by one, the log of the odds ratio increased by 0.392 which led to an increase in the odds ratio by 1.479 times.
Weeding Frequency Model
In the case of weeding frequency, the adopters were compared to the partial adopters since the cocoa farmers at least weeded their farms once (Table 6 ). The overall model was found significant by diagnostic test, indicating a -2log likelihood estimate of 46.891 and significant chi-square of 23.988 (P = 0.008). The pseudo R-squared of 0.370, meaning 37.0 per cent of the variation in the weeding frequency was jointly explained by the independent variables included in the model. In addition, the model correctly predicted 97.6 per cent of the cases.
Gender of the cocoa farmer was statistically significant (P < 0.1) while cocoa yield variable emerged significant (P < 0.05). Being a male cocoa farmer compared to female was less likely to influence the decision of the farmer to weed his farm four times a year (adopter of CRIG recommendation). Being a male farmer reduced the log of the odds ratio of adopter relative to partial adopter by 1.882 and decreased the odds by a multiplicative factor of 0.152. For 1 kg/ha increase in yield, the odds in favour of the adopter was increased by a factor of 1.003. The positive sign of the yield coefficient was as expected because the increase in yield leads to an increase in cocoa income which allows the farmer to hire labour for weed control.
Cocoa Variety Planted
Of the cocoa seed planted by the cocoa farmers, the improved varieties (Hybrids, Amazon, and combination of the varieties) were modeled relative to the old and traditional Amelonado variety ( Table 7 ). The diagnostic test of the three models indicated that the -2log likelihood estimate of 488.472 and a chi-square of 96.257 was statistically significant (P = 0.001). The pseudo R-squared was estimated to be 0.359, meaning that 35.9 per cent of the differences in improved variety planted were jointly explained by the independent variables. In addition, the analysis indicated that 56.1 per cent of the cases were correctly predicted.
Hybrid Model
The intercept, gender, educational status, and age of cocoa farm were statistically significant with P < 0.1, P < 0.05, P < 0.01, P < 0.01, respectively. The gender of the farmer emerged more likely to influence the adoption decision of the farmer to plant hybrid relative to amelonado cocoa on his/her farm. Being a male farmer increased the log of the odds ratio by 1.849 for a farmer planting hybrid and not amelonado. This result indicated that the odds ratio was increased by a factor of 6.36. Educational status of the farmer was more likely to affect the farmer's preference to plant hybrid relative to amelonado. The higher the educational level, controlling for other factors, resulted in log of the odds ratio of 3.522 for the preference of hybrid to amelonado, meaning that the odds ratio increased by 33.842 times. The result also demonstrated that the older the farmer the less likely to observe hybrid compared to amelonado on his/her farm. As age of the farmer increased by one year, the log of the odds ratio decreased by 0.123, which shows that the odds ratio decreased by 0.884 times.
Amazon Model
Age and educational status of the cocoa farmer were statistically significant at P < 0.05 and P < 0.1, respectively. The age of the farmer was less likely to affect the adoption decision of planting Amazon relative to Amelonado cocoa on his/her farm. As the cocoa farmer got older by one year, the odds of planting Amazon compared to Amelonado decreased by a factor of 0.935. However, the educational status of the farmer was more likely to influence his/her preference for planting Amazon relative to Amelonado. Being an educated farmer increased the odds of planting Amazon relative to Amelonado by 14.251 times.
Admixture Model
In this model only farmer age emerged statistically significant (P < 0.1). This means that age affected the likelihood of the farmer planting admixture of cocoa varieties. As the farmer got older by one year, the odds of planting admixture of varieties compared to Amelonado decreased by a factor of 0.939, controlling for the other adoption variables.
Capsid Sparying Frequency Model
The adoption decision of spraying frequency against capsids was modeled to reflect farmer categories of adopter, partial adopter, and non-adopter, which was the reference category (Table 8 ). The overall model was statistically significant as indicated by the -2log likelihood estimate of 311.761, a significant chi-square of 69.133 (P = 0.001). The pseudo R-squared was estimated to be 0.312 and the cases were 73.0 per cent correctly predicted.
Adopter Model
The intercept was statistically significant (P < 0.01), migration (P < 0.1), cocoa farm size (P < 0.05), and cocoa yield (P < 0.01). Migration tended to be less probable to influence the decision of a farmer to spray his/her farm against capsids four times per year (CRIG recommendation). Being a native of the place compared to a migrant/settler reduced the log of the odds ratio of being adopter relative to non-adopter of CRIG capsid control recommendation by 1.058 and the odds in favour of the adopter decreased by a factor of 0.347. Moreover, farm size had a more probable influence on the farmer's capsid control decision. As farm size increased by one hectare, the log odds ratio increased by 0.504 and the odds by a factor of 1.655 times. Yield also was recognized to affect the probability of a farmer spraying his/her farm four times against capsids as compared to one who did not spray at all. When yield increased by 1 kg/ha, the likelihood in favour of adopters increased by a factor of 1.005.
Partial Adopter Model
Migration emerged statistically significant (P < 0.05), farm size (P < 0.01), and yield (P < 0.05). Migration was less probable to influence the decision of afarmer to spray his/her farm against capsids from one through three times per year (partial adopter of CRIG recommendation). Being a native of the place compared to a settler reduced the log of the odds ratio of being partial adopter relative to non-adopter of CRIG capsid control recommendation by 1.091, and the odds in favour of the partial adopter decreased by a factor of 0.336. This implies that the native farmers tended to be non-adopters whilst the migrants were partial adopters. The negative sign of migration coefficient was as expected due to the reason given for the expected signs. In addition, farm size was seen to be more probable in influencing the farmer decision of spraying partially against capsids. As farm size increased by one hectare, the log odds ratio increased by 0.567 and its odds increased by a factor of 1.763 times. Yield also was recognized to affect the probability of a farmer spraying his/her farm partially against capsids as compared to one who did not spray at all. When yield increased by 1 kg/ha, the likelihood in favour of partial adopters relative to the non-adopters increased by a factor of 1.004 times.
Blackpod Spraying Frequency Model
The attempt to model the adoption decision of the frequency of spraying against blackpod disease was unsuccessful because the likelihood ratio test for the overall model was not significant.
Discussion
The study has demonstrated that cocoa farmers have adopted CRIG-recommended cocoa production technologies to some extent. Fertilizer adoption decision is affected by access to credit and number of cocoa farms owned by the farmer. The decision on weeding frequency is also influenced by gender of the farmer and cocoa yield. The adoption of cocoa variety is affected by age of the farmer and educational status. The adoption decision on frequency of spraying against capsids tended to be influenced by migration, cocoa farm size and yield. The adoption rates of insecticide and fungicide applications to control pests and diseases were low as compared to those of hybrid variety use and fertilizer application. This might be due to the inadequate funds of the farmers to purchase the relatively expensive chemicals, scarcity of labour and the fear that, for example, herbicides would kill intercrops like cocoyam (MASDAR, 1998) . The results of the adoption models are clearly consistent with the observation by Asante (1992) and World Bank/FAO (1986) that the main practice of cocoa farmers in Ghana tended to be stepwise mode of adoption of the innovations.
Fertilizer Application
For fertilizer adoption, the negative sign of credit coefficient was unexpected but possible explanation of the situation is that as fertilizer application competes with other farm activities such as pests and diseases control for the limited funds, farmers may tend to shift their loans to control weeds as well as pests and diseases instead of applying fertilizer to their cocoa farms (Aneani, et al., 2007) . However, in Kenya, Njagi (1980) observed that availability of cash, access to inputs on credit and availability of manure affected adoption of soil fertility management recommendations. Green and Ng'ong'ola (1993) reported that crop type, farming system, crop variety, credit access, off-farm income, and availability of regular labour as the main factors affecting adoption of fertilizer recommendations in Malawi. The Hitech programme might consider these findings in their activities to ensure efficient and effective fertilizer application on cocoa farms. The positive sign of the number of farms coefficient was consistent with expectation because the increase in number of farms, assuming matured and yielding, will increase the cocoa output and then the farmer's income which could be used to purchase fertilizer.
Weed Control Frequency
The high input requirements for controlling excessive weed growth is one of the most important problems with tree crop production (Baidoo- Addo et al., 2000) . The result of this study indicated that the male farmer compared to female was less likely to weed his farm four times a year, supporting the observation by MASDAR (1998) that the weeding frequency of cocoa farms by women farmers was higher than that of men on the average. MASDAR noted that women have less access to credit than men because of having less land as collateral, and relied mostly on hired labour which is scarce and costly due to migration of the rural youth to the urban areas to seek for jobs with relatively better remuneration. The women tend to finance the employment of available hired labour using additional incomes from off-farm activities such as trading. Kamau (1980) reported that adoption of weed control recommendations was influenced by availability and cost of labour, and cash flow constraints.
Cocoa yield was more probable to affect the decision of a farmer to weed his/her farm as recommended by CRIG because the resultant increased cocoa income would enable the farmer to hire labour for weed control.
Cocoa Variety Adopted
The hybrid model suggests that age of the farmer and the educational status influence the adoption of cocoa variety. The negative coefficient of age indicated that the older the farmer the lesser his/her willingness to try new innovations or take risk. The older farmers who are used to the traditional Amelonado and Amazon varieties are more resistant to change to Hybrid seeds by replanting their old cocoa farms. In the process of growing old, a farmer's social, psychological and physical conditions change. These changes result in reduced interaction with others and declined physical energy (Odoemenem & Obinne, 2010) . Al-Karablieh et al. (2009) reported a negative relationship between age and likelihood of barley variety adoption and attributed this to younger farmers being more likely to be willing to innovate, whereas older farmers may be less willing to adopt new varieties given the heavy labour requirement. Ntege-Nanyeenya et al. (1997) found level of education to have a statistically significant positive impact on a farmer's choice to adopt longe1 (a coffee variety). Farmers who received any kind of education were more likely to adopt longe1 than farmers who were illiterate. Other studies have indicated similar effects for education (Nkonya et al., 1997; Al-Karablieh et al., 2009; Odoemenem & Obinne, 2010 ). Generally, the low level of education of the farmers retards the adoption of innovation, especially one that is complex. Literate farmers are more disposed to understand new ideas and concepts provided by extension workers and other informants. With lack of formal education, information cannot be passed to these farmers through the print media or mass media, except through personal contact methods, personal discussion, result demonstrations, and visual aid. The implication from the hybrid model is that cocoa farmers should be educated on the benefits of growing hybrid cocoa variety as compared to the traditional Amelonado and Amazon varieties. The youth should be attracted into cocoa farming through farm mechanization by developing new labour-saving innovations since they are likely to plant hybrid cocoa.
Capsid Control Frequency
Concerning the capsid spraying frequency model, migration variable was less probable to affect the spraying decision of the farmers. The negative sign of the migration coefficient was as expected because migrant farmers are assumed to be more enterprising and prepared to increase cocoa output by adopting new technologies than the natives (MASDAR, 1998) . Furthermore, the positive sign of the farm size and the yield coefficients were expected since larger farms tend to produce higher cocoa output which leads to higher income to enable the farmer to purchase insecticides for capsid control. Kalyebara (1999) indicated that farm size is a significant predictor of adoption of pesticide use; that is, the use of fungicides and insecticides. Kebede et al. (1990) observed that farm size has statistically significant effect on adoption of pesticide technology on Ethiopian crop production systems. The policy implication here is that the CODAPEC programme should spray both large and small farms. This is to ensure complete control of capsids because farmers are not serious in controlling capsids on relatively small farms. Also, some farmers do not adequately control capsids on their farms.
Limitation and Future Suggestions
Finally, it is expedient to point out some of the limitations and future research directions. Although the sample size on which the analysis was conducted is relatively small, the researchers think that the results portray a realistic picture of technology adoption by the Ghanaian cocoa farmers. There should be further investigation into the adoption behaviour of the cocoa farmers on the chemical control of blackpod disease since our attempt to model it failed because the overall model was statistically insignificant. Besides the set of variables used in the analysis, many other public policies might have influence on the adoption of CRIG's cocoa production technologies; for instance, the mass spraying programme (CODAPEC) and the Cocoa High Technology programme (Hi-tech). We could not incorporate the effect of those variables owing to inadequate data.
Conclusion
This study estimated the respective adoption rates of 10.3%, 7.5%, 3.7%, 44.0% and 33.0%, for CRIG-recommended cocoa production technologies such as control of capsids with insecticides, control of black pod disease with fungicides, weed control manually or with herbicides, planting hybrid cocoa varieties and fertilizer application. Factors such as access to credit, number of farms, gender, yield, educational status of farmer, age of farm, migration, and farm size were statistically recognized to influence the probability of adoption of CRIG-recommended technologies. Kalyebara, R. (1999) . A comparison of factors affecting adoption of improved coffee management recommendations small and large farmers in Uganda. A paper presented at the CIAT International Workshop on "Assessing the Impact of Agricultural Research on Poverty Alleviation", San Jose, Costa Rica: CIAT International. Kamau, P. C. (1980) . Economics of herbicide use in coffee. Kenya-Coffee, 1980, 45(529) Farmer who has not applied fertilizer to the farm. Table 6 . Results of the multinomial logistic regression analysis of fertilizer application and weeding frequency Note: *P < 0.1, ** P < 0.05, *** P < 0.01. B = coefficient of the explanatory variables. Exp(B) = exponential value of B. n.a these variables introduced numerical problems in the model estimation. 
